Male rats with a chronically implanted device that allowed photoelectric plethysmographic measures to be made of the stomach wall were trained while paralyzed with d-tubocurarine and being artificially respirated. One group was reinforced by avoidance of and/or escape from electric shocks to the tail, whenever increases in the transmission of light through the stomach wall occurred during a CS; another group was reinforced for decreases. Reliable changes in the rewarded direction were learned. These results are interpreted as evidence for the instrumental learning of a gastric response which, in the light of control experiments, very probably was a vasomotor one producing changes in the amount of blood in the stomach wall.
Male rats with a chronically implanted device that allowed photoelectric plethysmographic measures to be made of the stomach wall were trained while paralyzed with d-tubocurarine and being artificially respirated. One group was reinforced by avoidance of and/or escape from electric shocks to the tail, whenever increases in the transmission of light through the stomach wall occurred during a CS; another group was reinforced for decreases. Reliable changes in the rewarded direction were learned. These results are interpreted as evidence for the instrumental learning of a gastric response which, in the light of control experiments, very probably was a vasomotor one producing changes in the amount of blood in the stomach wall.
Experiments showing the instrumental learning of visceral responses have sharply challenged the traditional view that autonomically mediated responses may be learned only by the procedures of classical conditioning (9) . Salivation (12) , heart rate (3, 13, 16) , systolic blood pressure (4) , peripheral vasomotor responses (5, 6) , EEG activity (1) , and intestinal motility (11) have been modified by instrumental learning, also called trial-and-error learning or operant conditioning. In one of these experiments, Miller and DiCara (14) changed the rate of urine formation by rewarding such changes by direct electrical stimulation of the brain and found that this training produced changes in the rate of blood flow through the kidneys, which presumably was how the changes in urine formation were produced.
Changes in the blood supply of an organ can alter its function and, if the ischemia is severe enough, can even produce pathology. Therefore it is important for understanding the etiology, and perhaps even for the therapy of psychosomatic symptoms, to determine whether changes in blood flow can be produced by rewards other than the unusual one of direct electrical stimulation of the brain, and whether they can be produced in other organs than the kidney. The purpose of the experiments to be described was to determine whether or not rats could learn to change the amount of blood in the gastric wall when the avoidance of and/or escape from mildly painful electric shocks are used as the reward. Such a reward was chosen to be analogous to the reduction in fear (commonly called anxiety) which Dollard and Miller (7) have proposed as a secondary gain rewarding a number of neurotic and psychotic symptoms.
In order to measure the amount of blood in the gastric wall, we used a technique by Carmona, Miller, and Demierre (2) which permitted us to record this amount continuously by measuring the light transmitted through the gastric wall. Those authors' work with this device had shown that it could remain in the stomach for at least 20 days without affecting food or water intake or producing weight loss. The behavior of such rats appeared to be normal. Control experiments conducted with rats paralyzed by curare under conditions similar to those used in the present study showed that vigorous stomach contractions induced by an injection of insulin and recorded either by a balloon or by a device implanted into the gastric wall did not produce any observable effect on the measure of light transmitted, but that changes in temperature when the skin of the abdominal region was warmed or cooled did affect this measure in the appropriate direction; i.e., the warmth expected to increase the amount of blood via vasodilatation produced a decrease in the transmission of light; and the cooling produced the opposite effect. Similar effects were produced when the stomachs of other rats were irrigated by either warm or cool water. These results strongly suggest that the particular arrangement used in this technique is sensitive to changes in the amount of blood in the gastric wall but not to contractions of the gastric muscles.
METHOD

Subjects
Ten Sprague-Dawley male albino rats weighing 300 to 400 g were used.
Overview of Recording Technique
The recording technique is illustrated in Fig. 1 . A beam of light is carried by an optic fiber that is inserted into a small glass tube chronically implanted into the stomach. The light shines onto the inside of the stomach wall through a small clear portion of this tube, the rest of which is painted black. A small beaker painted black except on the bottom is cemented to the outside of the serosa of the stomach with its open part coming out through the body wall and skin of the abdomen. After the rat is paralyzed by curare, a photocell is inserted into the beaker and the optic fiber into the tube. 
Surgical Procedures
The surgical technique has been described elsewhere (2) . Under sodium pentobarbital anesthesia (40 mg/kg) the stomach is exposed by suitable cuts through the abdominal wall and an incision 2 mm long is made in the body of the stomach, 2-3 mm from the boundary of the glandular portion. Through this incision a piece of glass tubing 2 mm in diameter and 3 cm long, painted black except for a 2-mm square approximately 1 cm from the end is inserted into the lumen of the stomach. In order to secure this tubing the end has been drawn into a curved point. This end is brought outside the stomach through a cut 2 mm long made in the glandular port-ion. Both openings in the stomach wall are then drawn shut with purse-string sutures to prevent the tubing from slipping either way in the incisions. Then a glass beaker 10 mm high and 6 mm in diameter, painted black inside except at the bottom and with a small amount of physiologically inert monomer (Eastman 910) spread around the outside of the bottom rim, is placed, resting on the serosa, over the unpainted part of the glass tubing. The monomer is polymerized by the moisture of the tissue and cements it to the glass. To give additional support, acrylic cement is used to join the sides of the beaker at the bottom to the parts of the glass tubing which emerge close to each side of the beaker. Then the abdominal muscles are tied around the beaker, the open end of the tubing is brought through a stab wound in the skin about 1 cm lateral to the main incision, the skin is sutured around the exposed end of the tubing, and around the beaker, and acrylic cement is used to join the outside of the skin to both the beaker and the protruding part of the small tubing. After surgery, the rats are returned to their home cages where they have access to water but not food for the next 24 hours, after which they are given both food and water ad lib.
Apparatus
The rat, paralyzed with d-tubocurarine chloride and artificially respirated as described by Trowill (16) lay in a supine position on a soft rubber mat in a Grason-Stadler lunch box. The electric shocks consisted of relatively constant current, 0.1-sec pulses of 0.25 mA delivered at 2-sec intervals through an electrode fitted snugly around the base of the rat's tail (17) . The electrocardiogram (ECG) and light transmitted through the stomach wall were recorded on a Grass, model 5D, polygraph
Photoelectric Plethysmograph
The recording of the light transmitted through the stomach wall was made by inserting an optic fiber Vi in. o.d. (American Optic Co.) into the straight glass tube until the tip of the fiber was under the unpainted region. A Wheatstone bridge connected to a photocell (Clairex, Cl-5) placed on the glass beaker, provided an output proportional to the amount of light reaching the photocell. This output was fed into a DC amplifier and recorded on the polygraph with a calibration of 1 mV/cm. Displacements of the pen upward indicated that less light was transmitted through the stomach wall to the photocell; displacements downward indicated the opposite direction of change. From the results of previous control experiments (2), it was assumed that the transmission of light was inversely related to the amount of blood in the stomach wall.
The output of the preamplifier to the polygraph was connected in parallel with a l-jjf condenser acting as a filter and used as the input to a differential amplifier (Philbrick Res.) which in turn operated a level detector. Whenever the input to the level detector was above a previously specified criterion, a relay was closed. The relay in turn operated programming equipment which automatically turned on the timein signal every 2 mins and delivered the electric shock. When the rat was being trained in the opposite direction, the opposite contacts on the relay operated the programming equipment.
PROCEDURE
One week after surgery, the rat was given an intraperitoneal injection of 3 mg/kg d-tubocurarine chloride. As soon as it showed signs of difficulty in breathing it was fitted with a face mask and respirated at 1:1 I/E ratio, 70 breaths/min, with a peak reading of 20 cm of water pressure. Stimulating and ECG electrodes were attached to the rat, as was a 30-gauge needle inserted subcutaneously on the lateral surface of the abdomen after that area had been locally anesthetized by 0.15 ml of a 2% solution of Xylocaine hydrochloride. The needle was connected by polyethylene tubing to a constant infusion pump and d-tubocurarine chloride was infused at a rate of 1.2 mg/kg per hour for the duration of the experiment, a dosage sufficient to maintain complete paralysis of all skeletal muscles. The optic fiber was inserted into the straight tube and the photocell placed on the glass beaker. To prevent artifacts caused by respiratory movements, dental impression compound was used to seal the optic fiber to the end of the glass tube and the photocell to the side of the glass beaker. After this, the door of the lunch box was closed and kept closed for the rest of the experiment. Once the experiment began, no further adjustments in the respirator were made.
Assignment to Groups
After a period of 30 mins, during which the bageline was allowed to stabilize, the rat was assigned by the flip of a coin to one of two groups designated, respectively, as vasoconstriction (VC) and vasodilata-tion (VD). Subjects in the VC group had to show increases in the light reaching the photocell in order to turn off the time-in signal and the shock. Subjects in the VD group had to show decreases in light. A criterion was selected, deviating enough from the baseline so that it would be achieved on the average of once-every 60 sees.
Habituation without Shock
Each rat received 20 habituation trials in which the time-in signal was kept on until the rat met the criterion, which automatically turned the time-in cue off until the next trial 2 mins later. During this part of the training no shocks were administered. If the subject met the criterion within 36 sees on 5 successive trials, the criterion was made 0.5 mV more difficult. Whenever the subject took more than 90 sees to meet the criterion, the experimenter ended the tone as soon as he observed the pen moving toward the criterion, which was made 0.5 mV easier on the next trial.
Training with Shock
After the last habituation trial the experiment began, and 40 trials were given. The procedure was similar to that followed in the habituation trials, but if the rat failed to meet the criterion in 36 sees, the time-in signal stayed on and 0.1-sec pulses of electrical shocks were delivered once every 2 sees until the criterion was achieved, at which moment the time-in cue and the shocks were shut off until the next trial 2 mins later.
The graphic records were scored by measuring the height of the recording from the photoelectric cell 1 min after the termination of each trial, and at the end of three successive 5-sec intervals thereafter. These measures were averaged and constituted the mean score for that trial. Statistical analyses were performed on these mean scores. Figure 2 shows samples of the polygraphic record of one rat. The upper part of the Figure presents a sample of the record in the minute immediately preceding the beginning of training. On trial 15 (Fig.  2,B ) the rat showed learning only to es- The results of the training are shown in Fig. 3 . It can be seen that the subjects for whom decreases in transmitted light were punished learned to escape or avoid this punishment by increasing the amount of light transmitted, while the group with the opposite contingency changed in the opposite direction. The increase was from i light punishad IVOI Fig. 3 . The results of gastric training, Rats for whom decreases in transmitted light were punished learned to increase the amount of light transmitted; the group with the opposite contingency changed in the opposite direction.
RESULTS
an initial mean value of 4.8 mV to a final one of 6.9 mV, and a statistical analysis of the average scores of each animal in the first 10 vs. the last 10 trials showed that the change was highly significant (t = 3.9, d/ = 4, p < .01). The change in the group rewarded for the opposite direction was from an initial value of 5.0 mV to a final one of 3.1 mV, with the change between the first 10 and the last 10 trials also being highly significant (t = 4.6, df = 4, p < .005). The initial differences between the two groups (before training) did not approach significance, but the difference in the period "after training" was significant ft = 4.3, df = 8, p < .001).
The changes were also highly reliable for 9 out of 10 rats. Comparing for each subject the scores on the first 10 successive trials before the beginning of the training with those obtained immediately after, it was found that each of the rats punished for increases learned reliable (p < .01) decreases. Four of the rats punished for decreases learned reliable increases fp values between < .02 and < .01), while the fifth rat showed a nonsignificant change in the expected direction.
During the early part of the training, subjects punished for increases received more electric shocks than those in the group punished for decreases, but in the last part of the training the procedure for adjusting the criteria worked well enough so that the two groups did not differ in amount of electric shocks received. Figure  4 shows the amount of change plotted against the number of electric shocks received during the last 5 trials. It can be seen that there was overlap between the two groups in number of electric shocks received but, with the exception of one rat, there was no overlap in the change scores. For the group punished for increases, the average number of shocks during the last.,5 trials was 16.0; for the group punished for decreases, the average was 17.1 (n.s.j. It is worthwhile mentioning that initially the electric shocks sometimes affected the amount of light transmitted, increasing it in some rats and decreasing it in others, but that this effect disappeared during the first minutes of training.
DISCUSSION
The results of this experiment clearly show that our training procedure produced changes in the amount of light transmitted through the stomach walls of these rats paralyzed by curare. The following discussion shows why it is reasonable to conclude (a) that these results demonstrate the instrumental learning of a gastric response, and (b) that this gastric response is a vasomotor one affecting the amount of blood in the stomach wall.
The unconditioned, or any simple classically conditioned, effects of the shock were controlled for by the fact that the two groups rewarded by escape from punishment for changing in opposite directions did indeed show the expected types of opposite changes. Either classically conditioned or unconditioned effects of the shock would be expected to produce changes in only one direction. Furthermore, the two groups received similar numbers of shocks during the latter part of training so that a complex inverted Ushaped relationship between the number of shocks and the unconditioned or classically conditioned effects cannot easily be used to account for the opposite directions of change. Finally, a correlation plot shows that the differences were dependent upon the type of response punished rather than upon the number of shocks received. Thus it is difficult to intepret these results as anything but instrumental learning.
This result could not have involved skeletal responses that affected the transmittion of light through the stomach wall because the rats remained deeply paralyzed by curare throughout the experiment. The first signs of slight muscle twitchings and/or fluctuations in respiratory pressure, indicating the effects of curare had begun to wear off, typically did not occur until more than an hour after the experiment had been terminated. Furthermore, in a previous study (3) , using a somewhat smaller dose of curare, there was no sign of EMG activity until well after the time that the present experiments terminated. Therefore, it is extremely difficult to explain the results of this experiment as anything else than the instrumental learning of a response of the stomach wall, a result which in itself is significant.
There remain only two ways in which an instrumentally learned gastric response could affect the transmission of light through the stomach wall: muscular contractions could affect the thickness of the stomach wall, or vasomotor responses could affect the amount of blood in it. The first possibility is rendered unlikely by the results of control experiments (2) run during the development of the technique under conditions similar to those of the present one. Using this particular photoplethysmographic arrangement, with the stomach wall cemented to the bottom of the tiny beaker through which the light shone, these experiments showed approximately the same degree of spontaneous variability in light transmitted but no observable effect of large contractions of the stomach elicited by injections of insulin. They did, however, show large effects in the expected direction induced by circulating either warm water (42°C) or cold water (4°C) for 5 mins through silicone tubing implanted in the serosa of the stomach in a circle around the recording device. Warm water produced the decrease in light to be expected from vasodilatation and cold water produced the increase to be expected from vasoconstriction. Those changes were approximately 100 mV on this particular recording device. (Somewhat smaller changes were produced by either warming or cooling the abdominal wall.) Although the changes produced by instrumental learning in the present experiment were much smaller (approximately 2 mV in each direction) than those produced by the large changes in temperature, in view of the extreme insensitivity of the device to the large contractions produced by insulin, it seems highly probable that these learned changes did reflect differences in the amount of blood in the stomach wall.
Previous experiments using electrical stimulation of the brain as a reward have shown that peripheral vasomotor responses can be learned instrumentally (5) and that this learning can be highly specific (6) . Another study has shown that blood flow through the kidneys can be modified by using electrical stimulation of the brain to reward changes in the rate of formation of urine (14) . The present experiment adds to this evidence by indicating that vasomotor responses controlling the amount of blood in the stomach wall can be learned instrumentally when reinforced by escape from and/or avoidance of electric shocks. Learned modification of the blood supply to an organ opens up theoretical possibilities for the etiology, and conceivably even the therapy, of psychosomatic symptoms. The fact that punishment can be used to motivate such learning is in line with the notion that fear reduction (commonly called anxiety when its source is vague) can be an important secondary gain to reinforce the learning and performance of neurotic symptoms (7).
SUMMARY
Male rats with a chronically implanted device that allowed photoelectric plethysmographic measures to be made of the stomach wall were trained while paralyzed with d-tubocurarine and being artificially respirated. One group was reinforced by avoidance of and/or escape from electric shocks to the tail whenever increases in the transmission of light through the stomach wall occurred during a CS; another group was reinforced for decreases. Reliable changes in the rewarded direction were learned. These results are interpreted as evidence for the instrumental learning of a gastric response which, in the light of control experiments, very probably was a vasomotor one producing changes in the amount of blood in the stomach wall.
